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We combine the thermal Lattice Boltzmann Method (LBM) with the Smoothed Pro-
¯le Method (SPM) to calculate the heat transfer in particulate °ow. The SPM uses a
smoothly spreading solid-°uid interface layer for avoiding complicated interpolation. In
the numerical calculation of natural convection between a hot circular cylinder and a cold
square enclosure, the numerical results of streamlines, isotherms, and Nusselt numbers
show good agreement with those of the previous studies. The accuracy of the heat trans-
fer computed by the present method depends on the width of the solid-°uid interface and
on the relaxation parameter. We demonstrate that this method gives reasonable results
for the sedimentation of a cold particle in a vertical channel ¯lled with hot °uid with
thermal convection, and show the applicability of the method to particulate °ows with
heat transfer.
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Fig. 1 Pro¯les of the temperature at the horizontal central
plane y = 100±x.
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Fig.2 Schematic diagram of the annulus between concentric
circular and square cylinders.
(6) ???????? ~Fi ???? ~Ni ?? (16)?(17)?
????????
(7) ???? ¢t?? i???????? ~Vi?~­i ???
? ~Xi ??? (18)?(19)?(20)??????
(8) ???? (3)???????????
3. ????
??????????????????SP-LBM ???
??????????????????? 200±x £ 200±x?
Ri = 45±x?Ro = 70±x?Gr = 0?Ti = 1?To = 0?¢x =
¢t = c = 1????Ri?Ro ???????????Ti?To
?????????????Gr ????????????
??????????? T^ ??
T^ (R) =
To log(R=Ri)¡ Ti log(R=Ro)
log(Ro=Ri)
; (21)
???????y = 100±x ???????????????
IB-LBM(6) ?????????? Fig.1????SP-LBM?
?????? ¿g = 1?¿g = 5 ????????? + ? ±
??IB-LBM ??????? ¿g = 1?¿g = 5 ??????
??? £? ²??? (21)???????????????
??????????maxjT (n+1) ¡ T (n)j · 10¡8 ?????
¿g = 5????SP-LBM??? IB-LBM????????
?????????????¿g = 1???????????
?????????????????????? ¿g ???
???IB-LBM??? SP-LBM?????????????
?????SP-LBM ?????????????????
? '????????????????????IB-LBM?
???????????????????????????
?????????Fig.1????? SP-LBM? IB-LBM?
???????????????????????????
????????SPM? LBM?????????????
? ¿g ????????????IB-LBM????????
0 2.5 5 7.5 10
0
0.5
1
1.5
2
2.5
3
 ξ
 N
u
Fig. 3 Dependence of the Nusselt number on the interface
thickness.
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Fig. 4 (a) Streamlines; (b) Isotherms.
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Fig. 5 Translational velocity of a particle in a channel.
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Fig. 6 Longitudinal coordinates of a particle in a channel.
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Fig. 7 Isotherms for a cold circular particle settling in a
vertical channel.
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